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I INTRODUCTION
In 1906 Moissan carried out a number of experiments upon the
vaporization of metals'. He placed the temperature of his furnace
at 3500°C. and made the statement that all known elements volatilize
at that temperature. Now it is thought by Schulz that the tempera-
ture of the furnace must have been considerably above 3500°C. and
probably as high as the sun's photosphere which he seta at 5400°C.
He argued that owing to the large current used by Moissan there was
an enormous amount of energy which had no adequate escape by conduc-
tion or radiation and which therefore must have raised the tempera-
ture of the furnace up to the point where it was checked by the melt
ing and vaporization of the limestone of which it was constructed.
He moreover asserts that the volatilization of the metals is not to
be regarded as complete.
We also find the following remarks in regard to molybdenum and
tungsten
:
Molybdenum . - The 150 grams were not fused by a current of 500
amperes and 110 volts. After applying 700 amperes and 110 volts for
seven minutes, the metal was fused but nothing evaporated. After
twenty minutes 56 grams were distilled.
Tungsten . - After applying 500 amperes and 110 volts for 5 min-
utes the metal was not yet fused. After applying 800 amperes and
I 10 volts for twenty minutes boiling commenced but only 25 grams
distilled.
It thus appears that the volatilization is partly a question of
time, and when we remember that the sun's photosphere is probably at
a temperature of 8000°C or 9000°C. and that such a temperature has
1 Annales de chemie et de physique, 8, 151.
2 Astrophysical Journal, 29, 33, 1909.
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existed for years and not minutes, we must conclude that all ele-
ments in the sun are necessarily in the gaseous state.
The following hypothesis which has been advanced by a number of
investigators' is confirmed by the present research.
In the first place the material of the sun is "gaseous," that
is, it follows the extended law for gases.
Secondly, the radiation that reaches us comes from the revers-
ing layer alone or at least only from the superficial layers of tbe
photosphere
.
Thirdly, there is a relatively large drop in the temperature at
the reversing layer.
If there is considerable scattering of light due to the gases
of the reversing layer, then the light that reaches us comes only
from a small depth. Moreover, the scattering is greater for blue
light than for red, consequently the blue part of the spectrum must
be relatively weaker than the red part. Hence, if the temperature
falls off rapidly as we move outward radially through the reversing
layer we should expect the temperature for blue light to be less
than that determined for red light. Also as we move across the sun's
disk, we should expect the apparent temperature to fall off rapidly
as we approach the limb and we should, moreover, expect the tempera-
ture gradient for blue to be greater than that for red* This is pre-
cisely what the writer finds. The sharp boundary of the photosphere
is additional proof of the gaseous scattering.
That the scattering prevents us from seeing beyond a shallow
depth of the reversing layer may be shown by a rough calculation.
I Secchi, Le soleil, I, Book III, chap, iv, p. 267; 2, Book VII
chap, i, p. 299; Schwartzchild, "Ueber das Gleichgewicht der Sonenat-
mosp&re," Gottingen Nachr., Math. Phys. Kl
. ,
1906, pp. 1-13; Abbot,
The Sun, p. 236.
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The law of molecular absorption is expressed by the following
formula
:
t t -khI = I Q e
or
log r- = -kh
where I Q = the intensity of light incident upon the absorbing medium;
I = the intensity of the transmitted light; k = the fraction of
light absorbed by unit thickness of the medium; and h = the thickness
or height of the absorbing layer.
Using Abbot's' values for the transmission of the atmosphere
above Mount Wilson we have:
Wave-length in^ 0.4 0.5 0.6 0.7
Percentage of transmission 76 89 95 97
Taking the Mount Wilson atmosphere, which is about 10 miles, as
our unit thickness, the length of a column of gas for an extinction
of 99 per cent or a transmission of I per cent for a wave-length of
.04/-fbecomes
loS °' Q< = _
.24h0.4343 u ^±n
or
h = 18.5
That is, the column would have to be 185 miles if the gas had the
same density as the Mount Wilson atmosphere.
The relative densities of the photosphere and the Mount Wilson
atmosphere may be determined by means of Boyle's Law as follows:
Let the pressure, volume, and absolute temperature of the former
be p'
,
v', and T', and the corresponding quantities for the latter be
I Nature, 81, 97, 1909.

p, v, and T. We may now write:
pv = RT
and
p'v' = RT *
hence
-^r = It 'pV T'
Assuming that the pressure of the reversing layer is about 5 atmos-
pheres, that its mean temperature is 7000° A., and that the tempera-
ture of the earth's atmosphere is 250° A., we obtain the relation:
1 x v _ 250
5 x v' 7000
Writing dg for the density of the reversing layer and de for the
density of the earth's atmosphere, the above equation becomes:
da
_
250 x 5
de 7000
Hence a column of gas on the sun sufficient to produce an extinction
of 99 per cent at wave-length 0.4/< would have to be
18.5 x 10 x 7000 = 1000 miles high.
250 x 5
In this manner Table I was constructed
TABLE I
Wave-Length Miles
0,4/* J000
0.5 2400
0.6 5200
0.7 8600
Since the radius of the sun is 435,000 miles, it is readily
seen that the radiation which we are utilizing for the estimation of
temperature comes from only the outermost solar layers. It is also
observed that for short wave-lengths the depth to which we are able
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to penetrate is smaller than that which obtains for the longer wave-
lengths .
II EXPERIMENTAL METHOD FOR THE DIRECT DETER-
MINATION OF THE SUN'S APPARENT TEMPERATURE
The method employed by the writer for the determination of the
sun's apparent temperature is an application of Planck's formula for
the visible spectrum. In this method the brightness of the sun's
disk is compared photometrically with the brightness of the filament
of a miniature incandescent lamp for three different colors. To
carry out these observations the Department of Astronomy of this uni-i
^ersity kindly permitted the use of their small observatory, which is
equipped with a six-inch equatorial telescope. A new eyepiece was
constructed, providing a receptacle for the lamp between the eyelens
and the field-lens. A new finder, provided with a micrometer scale
and parallel hairs, was also attached to the telescope.
An image of the sun is formed by the objective in the focal
plane of the eyepiece. The incandescent lamp is adjusted until its
filament lies in the plane of the image of the sun's disk.
If one looks through the telescope when it is directed toward
the sun he sees the image of the lamp-filament superimposed upon the
image of the sun's disk. Now by varying the current through the lamp
the filament can be made to disappear against the bright background
of the sun's image. When this condition obtains, the temperature of
the filament is equal to the apparent black-body temperature of the
image, and by means of Planck's formula the apparent black-body
temperature of the sun's disk can be estimated if the temperature of
the filament is known as a function of the current through the lamp.
In the present investigation the lamps used were calibrated by
the Bureau of Standards. The eyepiece that was used in the equatoria!
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and which contained a lamp receptacle was fitted into a small tele-
scope and this arrangement was used by the bureau in calibrating
the lamps by means of their standard black body. They furnished for
j
each lamp a table containing a series of temperatures and the corres-
ponding currents through the lamp. The error which might be caused
by reflections from the lamp globe and eye-piece lenses was thus
i
eliminated
.
As a matter of fact, the entire filament will never disappear
since all parts are not of the same intensity, but one always uses
the central portion of the tip and this is practically uniform in
intensity
.
The filament (Fig. 2) may be moved about easily to any point on
the disk, which is represented by the dotted line, by means of the
right ascension and the declination screws. Fig. J shows the reticle
of the finder with the scale and parallel spider lines. These paral-
lel lines are adjusted so that their distance apart is equal to the
diameter of the sun's image, and they are, moreover, always parallel
to the ecliptic.
The axis of the lamp is generally maintained perpendicular to
the ecliptic. The lamp is connected in series to a few storage cells
an adjustable resistance and a milliammeter (Fig. 3).
TMs arrangement of lamp and eyepiece, which is the result of
some experimenting, was found to be the most satisfactory. With an
equatorial as small as this one the image is only about I cm. in
diameter, and in order to investigate the intensity along any radius,
i.e., along a distance of 0.5 cm. with any accuracy it is necessary
to have a rather large magnification. In order to obtain a clear
image the field-lens is also indispensable. Again, with the present
arrangement the £lobe of the lamp just about fills up the space
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between the two lenses and therefore it is not in focus; consequently
when one looks at the tip of the filament the contour of the globe
La scarcely noticed. If an eyelens of longer focal length were used,
then the globe would cause a distortion of the image.
The problem of diminishing the intensity of the sun's image to
that of an incandescent lamp-filament presents no small difficulty.
The intensity may be partly diminished by diaphragming down the ob-
jective, but one cannot resort solely to this method without serious-
ly impairing the definition of the image. When the aperature is made
as small as is permissible, an absorption glass may be used, but it
is almost necessary to use three or more if the absorption coefficient
of f he arrangement is required in any calculation. The density of a
single glass required to make the necessary reduction in intensity
is so great that it is impossible to measure its absorption coef-
ficient with any accuracy. Since the absorption of these glasses is
never absolutely general, i.e., non-selective, and since they differ
slightly among themselves, it is necessary to measure the absorption
factor of each glass for each wave-length used*
Moreover, the optical properties of these glasses must be almost
as good as those of the telescope objective; otherwise aberrations
would result. It is for this reason that it is practically impossi-
ble to use a large telescope since the absorption glasses would have
to be made with as much care as the objective of the telescope.
In order to determine the best arrangement for the six-inch
equatorial used in this investigation a number of observations were
carried out upon the moon's disk. The most conspicuous craters were
carefully studied with a full objective and then with a number of
diaphragms having aperatures of different size. In this manner it
was found that an aperature of about 1.5 cm. still produced good
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definition. In addition to this diminishing of the aperture three
absorption glasses were also used. The objective of the finder was
also stopped down and in addition an absorption glass was used.
Monochromatic light was produced by placing colored glasses di-
rectly before the eyelens R (Fig. 3). It is practically impossible
to obtain a single colored glass which is even approximately mono-
chromatic. Four colors of Jena glass were obtained from Petiditier, |
Chicago - narely, red, yellow, green and blue. The red is remarkably
good, transmitting only a red band, and that rather narrow. The yel-
low, which appeared monochromatic to the unaided eye, was found to
transmit almost the entire spectrum. The green contains a faint
band in the yellow but it is free from blue. The blue glass trans-
mits a band in the red, as is usually the case with blue glasses, and
also faint lines in the green.
While, according to our information, these are the best glasses
that can be obtained, it is readily seen that they were unsuitable
without some modifications.
A detailed study of monochromatism of various kinds of glass
was then undertaken. A quantity of different kinds of colored glass
was obtained and these glasses were all examined separately by means
i of a spectroscope, and then different combinations were tried until
the best arrangement was obtained. The Jena glasses were found to
be superior to any examined but a combination of three different
; glasses was found to give the best results.
I
For example, some green glass transmits blue light but no red,
' while nearly all blue glass transmits some red; consequently a com-
[
bination of the two is practically free from red without any percep-
;
tible reduction of the blue light.
In this manner is was possible to obtain combinations for red,
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-reen, and blue light all of which are practically monochromatic.
The search for monochromatic yellow was, however, futile. It seems
almost impossible to obtain combinations of glasses which produces
yellow and excludes all the other colors in even a moderate degree.
The fact that a glass for a particular color may contain a
faint band of another color is often of no consequence, providing
that consistent readings may be made, and a very narrow band is not
always necessary if the band contains only one color. For instance,
we may have a rather wide red band, but so long as there is no orange
included in the band a good photometric balance can always be made,
J
and the wave-length used would always be the central part of the bandj.
The difference between this wave-length and the true optical center
of gravity is too insignificant to consider in this particular prob-
] em.
There are other methods for producing monochromatic light, but
none is very well suited to this particular problem. The spectro-
scopic eyepiece designed by Mendenhall' for pyrometers using the dis-
appearing-f ilament principle is best adapted to this particular ap-
paratus, but it was rejected for several reasons. In Mendenhall 's
pyrometer a short horizontal section of the larnp-f ilament and the
superimposed image are focused upon the slit of an auxiliaey direct
vision spectroscope. The slit of the spectroscope is verticle so
that the field is crossed by three spectra, the middle one corres-
ponding to the lamp-filament, A diaphragm is so placed in the focal
plane of the eyepiece of the spectroscope that only the deBired
region of the spectrum is transmitted to the eye. In order that this
central band may be wide enough to make a photometric comparison it
I Physical Review, 33, I, 19)!.
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is necessary to use a very thick larop-f ilament , and this is impossi-
ble when a large magnification of the image is required as in the
present investigation, for then all parts of the filament would not
be in focus. Even with a fine filament there is some distortion of
the image.
Furthermore, any such spectroscopic method diminishes the inten-
sity of the light considerably, making it necessary in the blue and
violet region to open both slits of the instrument very wide in order:
to get sufficient light to make a balance. If this is done, we have
no longer strictly monochromatix light, and we may as well employ
colored glasses. With a colored glass one sees the filament and sun'^
image directly so that he always knows ,1ust what part of the disk he
is on, but with the spectroscopic eyepiece this of course is not the !
case, and he must depend entirely upon the finder.
It has been shown by a number of experimenters that the dis-
appearing-f ilament principle is by far the most sensitive photometric
scheme that we have, and it is particularly adapted to this problem,
since one can move the filament about to any point on the sun's image
and make a temperature measurement at that point.
The wave-lengths of the monochromatic glasses were determined by
means of a Lummer-Brodhun spectrophotometer made by Schmidt and
Hensch. The same instrument was also used to determine the absorp-
tion coefficients of the absorption glasses.
Ill DATA AND RESULTS
I .Vave -lengths of the monochromatic glasses .- The readings of
the a^bi t^ary scale of the Lummer-Brodhun spectrophotometer for the
three colored glasses used are given in the following tables:

I !
TABLE II
Ocular Slit = 0.05 cm . S lit No. 1
,
50
Red Glass Green Glass Blue Glass
Blue End Red End Blue End Red End Blue End Red End
6 1 6 546 734 654 994 750
6 1 8 546 732 654 994 748
6 1
4
544 734 652 990 750
6 1 8 546 736 654 994 748
6 1 6 542 736 652 994 752
6 1 6 546 734 656 1000 750
6 1 6 644 734 656 1002 748
6 1 6 546 736 654 996 750
6 14 546 736 654 994 748
6 14 544 734 654 996 754
580
The blue light was very faint, hence the readings are not quite
so consistent as in the case of the red and green.
The wave-lengths in corresponding to these arbitrary scale
readings, are as follows:
TABLE III
Luramer-Brodhun
Scale Reading Wave-Length in
Red glass 580 0.661
Green glass 694 0.537
Blue glass 868 0.446
2 Absorption factors .- In determining the absorption factor R
for any particular glass the zero reading of the Lummer-Brodhun
spectrophotometer was taken before and after the observations with
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the .^lasn.
The standard lamps were connected In parallel to the same mains
and the voltage was controlled by a rheostat.
TABLE IV
Red Light
Zero Reading Volts
Slit No. I , 50.0
Slit No. 2, 51.0 107.0
5 I .9
50.6
50.9 107.0
5 I .0
5 1.9
5 1.0
5 I .4
52.0
5 1.3 107.0
Mean 51.30
L.-B. No. 580
Ocular Slit = 0.05 cm
Glass No. I Volts
Slit No. I , 100
Slit No. 2, 8.4 107.0
8.3
8.4
8.3 107.0
8.3
8.4
8.4 107.0
8.4
8.3
8.3 107.0
Mean 8.35
Glass No.
8.3
8.5
8.4
8.4
8.3
8.5
8.5
8.5
8.2
I Volts
107.0
107.0
Glass No
8.3
8.5
8.3
8.4
8.3
8.2
8.3
8.3
8.5
Volts
107.0
107.0
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8.3
Mean 8.39
8.3
Mean 8.34
Mean 30 observations 3.36
REDETERMINATION OF ZERO READING OF INSTRUMENT
Volts
50.0 107.0 Slit No. 2, 52.3 Slit No. 2, 51.3
52.6 52.3 51.3
5 1.3 52 «3 50.3
52.0 51 .3 50.5
51.5 52.2 50.3
52.2 53.0 51 .6
50.3 52.7 5! . 1
52.3 51 .8 50.3
52.4 51 .9 5 1.2
53.2 52.3 50.0
53.0 51.9
Mean of 30 observations 5 I .36
First reading 5 I .30
Mean 5 I .33
Calculation of the absorption factors for red light, 0.661 //
.
Let the reading of slit No. I be S j and slit No. 2 be Sg when no
glass i3 interposed between lamp and slit No. 2. Also let Sj and S^
be the corresponding readings when a glass i3 inserted; then the ab-
sorption factor R is
S! S2 S!
R =
S2
' S
l
=
S
l
D 9
Glass No. I
Glass No. 2
Glass No. 3
R
100
50
51.3
8.36 = 12.3
R2 = 11.8
R3 = 11.9
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whence
R = R,R2R3 = ,725 (red)
.
The absorption factors for the green and blue glasses, obtained
in the sair.e manner, are 340 and 656 respectively.
The lamps U3ed for estimating the aim's temperature were cali-
brated in a small telescope of 2.68 cm aperture. The distance from
the filament to the aperture was 59.8 cm* In the observatory tele-
scope the distance from filament to aperture was 157.5 cm and the
aperture was I .49 cm in diameter.
The ratio of the two solid angles gives the reduction factor for
the telescope. We therefore obtain:
v (2.68) 8 * » (».49 ) s 2p ,R ' = ? • (59. s) 3 * 4 • rwrr^r ~
2,3
The resultant reduction factors for the three colors then become
For 0.66 1/* R = 22.3 x 1725 = 38,500 (l)
0.537/< R = 22.3 x 340 = 7580 (2)
0.446/< R = 22.3 x 656 = 14,610 (3)
3 Temperature measurement of the sun* 3 disk .- The distance
across the sun's disk was measured by means of a micrometer scale in
the finder of the telescope, but the number corresponding to the cen-
ter of the disk would of course change if the lamp were raised or
lowered. For the observations carried out for the red and green
light 54 corresponded to the center of the disk and 69 to the extreme
edge or limb.
The radius of the disk is thus equal to 15 divisions on the
scale of the finder. In the following tables the readings of the am-
meter are given for various distances from the center of the disk.
When the filament was adiusted to the desired point on the disk the
current through the filament was varied continuously until the tip
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had the same intrinsic intensity a3 the region surrounding it or
until it disappeared against the disk*
The following (Table V) is a sample of the data obtained for
the variation of the temperature with distance from the edge to the
center of the disk.
TABLE V
rt 1.11*1 Cj X IM\ RFAnTNf;^ FOR PtRFFN T.TfiHT
AO o o D f
RO
qo n 84- 5
79.5 83.5 87.0 89.5
8! .0 83.5 86.5 89.0
81.0 83.5 83.5 9 1 .0
81 .0 83.0 87.5 91 .5
81 .0 85.0 87.5 39.5
32.0 82.5 86.5 90.5
81.5 82.5 87.5 91.5
81 .0 82.5 85.5 90.0
Mean.. 8 1.1 Mean .... 83.5 Mean ..87.0 Mean .. 9 1.0
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TABLE V continued
«nou fiQ RQ
OP ny& • u yo«o ft 1 R ftn nOU • u ftn nou . u
n 0<_. » U ftn r ftn nou . u
Q 1 R9 1 • O rid . O ft 1 R ft i r
Q 1 R V O • U ftp no<s »
u
ftD R ftn nou . u
V70 • U q i n ft I ~, ftn nOU « U ftn rou . o
Q'A ny o . u qo n ft 1 R ftn nou . u ftp n
qp n ft i no i • u ftP n ftn nou . u
qp n ftp n ftD nou . u ftn rOU . JJ
92.5 91 .5 81.5 81 .0 81 .0
9 1 .0 91 .5 8! .5 8 1 .5 80.0
92.2 Mean 92.3 Mean of 30 observations 81 .0
In this case the observations on the edge, i.e., 69, waa repeat-
ed and it is seen that the agreement is better than might be expect-
ed considering the uncertainties of such measurements.
Instead of reducing these readings to temperatures of the sun's
disk, a curve was plotted for each color, co-ordinating ammeter read-
ings and distances from center of disk. For any particular distance,
the corresponding ammeter reading may be obtained directly from the
curve. This gives a better average of all the values taken across
the disk.
4 Reduction of an observation .- Since it is somewhat easier to
use y.'ien's formula for the reduction of these temperatures, that for-
mula will be used for all the calculations. A temperature estimation
will also be made by means of Planck's formula to show the difference
in the two results.
We shall consider in detail only the data obtained for red light
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Let T ' equal the black-body temperature of the sun's disk, E'
the intensity of radiation incident upon the objective of the tele-
scope. Also let T be the apparent temperature of the sun's image and
E the intensity of the energy transmitted by the absorbing media of
the telescope.
Wien's formula may now be written for the two cases as follows:
log E ' = k, - kaL (4)
and
log E = k] - kgi. . (5)
Subtracting (5) from (4) we obtain:
E
'
log — =
ITa
T T
/ \
~ T ' ' *
Rn t
E
" R
where R is the reduction factor of the telescope.
Whence
I
-
I
=
log R = k = log R X
T T* k2 14,500 x 0.4343
From ( 1 )
:
R = 38 , 500
and
X = 0.661 .
Therefore
38,500 x 0.661
* =
lj
&;500 x 0.4343 = 0.000482
whence
I
T1
I.
- 0.000482
. ( fi )
Now consider curve I, Fig. 4, for scale divisions, 54, i.e.,
the center of the sun's image; the ammeter reading is 67.2, and this
corresponds to a temperature of I3I7°C. or I590°A. If we substitute
this value for T in equation (6) we obtain for T' the temperature of
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the nun's disk, a value of 6803°A. In this manner data were ob-
tained for curves 2, 3, and 4, Fig. 5.
As we move from the center of the disk toward the limb, the tem-
perature falls off more rapidly for the shorter wave-lengths, but
near the limb it falls off less rapidly.
There has always been considerable discussion as to the beat val-
ue of the constant Cg. The value U3ed by Lummer, Pringsheim, Paschen
and Wanner is 14,500. Our own Bureau of Standards' also accepts the
same value but the value determined by Holborn and Valentiner is much
2 3lower 14,200. Again, Nernst and Wartenberg use the value 14,600.
To show the effect of the variation of this constant on the value of
the temperature of the sun, the following values were calculated for
red and blue light:
TABLE VI
C2 Red 0.66/u
T
'
Blue 0.446/x
T
'
14,000 6 135 43 10
14, 100 621 1 4348
14,200 6329 4386
14,300 6494 4425
14,400 6667 4464
14,500 6803 4505
14,600 6944 4545
14,700 7 143 4587
14,800 7299 4630
1 Bulletin Bureau of Standards, 3, No. 2.
2 Ann. der Physik, 22, I, 1907.
3 Verh. der deutschen phys . Ges., 8, 48, 1906.
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We will now determine the value of the temperature for red light
0.66 1^ by meana of Planck's formula in order to see what error
results by using Wien's formula.
Using the same notation, we may write Planck's formula for the
two temperatures as follows:
E' = G,X"
5
I
(e^- I)
and j.
E = C | *T ——I (8)
c 2
(e^ - I)
Dividing (8) by (7) we obtain:
c2
W~ =
(9^" T) = R. (9)
(e^-I)
Writing (9) in the form
we finally obtain:
°2 °2.
(eXT - 1)1 f I = eXT '
R
i _ X
°2
log ^(eW -I) + I
Now let
Co
.
-± log e = k2
whence
k2
5a
To evaluate e** let
I(e^- 1) +log Me*1 - I
R
K2 -•
-s. = log X
whence
(10)
T' = _ -. (,,)
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and
Since
x = 977,000
R = 38,500
log 977 i QQQ- +i = log (25.3 + I) = 1.420
38,500
The constant kg is 9520 and the real temperature now becomes:
T ' ttHs- 6700
°A
-
If we neglect the I in the expression log(25.3 + I), then the
expression reduces to Wien's formula in which case
log 25.3 = I .403
whence
T =
*
6800 °A -
The variation of the apparent temperature with the sun's zenith
distance was determined for green light and the results are shown in
curve 5, Fig. 6.
5 Correction for atmospheric absorption .- The ratio of the in-
tensity of the sun, at the boundary of the atmosphere and at the sur-
face of the earth, is given by the well known formula:
(12)
E s I
EQ
~ A sec Z
where
E = intensity of sun at the boundary of the atmosphere
EQ = intensity of sun at the telescope
A = the transmission coefficient
Z = the zenith distance
If the intensity is known for two different hours, say 12:00
and 4:00 o'clock, then A may be determined from the relation:
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,
E !2
log A = * ( 13
secZjo - aecZ4
By means of curve 5, the apparent temperature of the sun for
these two hours may be determined and by raeano of Wien's formula the
ratio of the corresponding intensities may be determined* Writing
Wien's formula for the two cases we obtain:
log B l8 = k,
- k2
-i
T
.2
and
log E4 = k, - k2
J-
whence
log^=k2 (-L-=l-)- d4)
By means of (17), using the data obtained from curve 5, we ob-
tain :
E |2log -i£ = 0. 14
E4
and by means of tables
Z |2 = 17.1 and = 54.3
whence
108 A
= see l7.?'l*aeo 54.3 = °- 803 " 1
and
A = 0.63.
The mean of 5 values of A determined for 2:00, 3:00, 4:00, 5:00,
and 6:30 o'clock was found to be 0.64.
Using the values of the transmission coefficients obtained for
Washington and Mount Wilson' the following values were found by
I Abbot, The Sun, p. 242
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interpolation for red and blue light:
For red light, 0.66 1/* , A = 0.74, and for blue light 0.446/^,
A = 0.50.
The absorption factor already determined for the telescope will
now be determined for red light, 0.661/^.
Equation (12) may be written in the form
log E§. = -see Z log A.
Ee
The time of observation of the temperature for red light was
2:00 P.M., September I, 1912, and the zenith distance for this hour
is 4297. We therefore obtain:
log 5a. = -sec 42.7 x log 0.74 = 0.178
E©
and
Eg
t=,— = 1 .505
^e
The reduction factor for red light, 0.661/-% corrected for
atmospheric absorption now becomes:
R ' = 38,500 x 1.505 = 58,000
and the new constant k* is
k » = log 58,00 x 0.661 = Q 0004qft* 14,500 x 0.4343 0- 98.
Equation (6) therefore becomes:
1=1. 0.000498
T t T
and the corrected temperature for the center of the disk is 7580°A.
In a similar manner the reduction factors for the other colors were
found to be 15,300 for green and 37,000 for blue light. The data
for green light were determined on September 22, 1912, at 2:00 P.M.,
and that for blue light on April 15, 1913.
The sun's temperature for the three colors is therefore as
follows
:

23
For red light, 0.66 1/^: 7580°A.
For green light, 0.537/" : 5990°A.
For blue light, 0.446yu : 5230°A.
Without the absorption of the light through the atmosphere of the
earth we find for the three colore the following values:
There is possibly a small error in the determination of the trans-
mission coefficients of the atmosphere, due to the fact that these
coefficients were not determined at the same time and therefore
possibly not under exactly the same conditions of the atmosphere as
those under which the radiation of the sun was measured.
The last two series of values indicate clearly that the sun is
not a black body, because fDr a black body we should find the same
temperature for each wave-length. This fact is also demonstrated
directly by the actual distribution of the energy of radiation throug
the spectrum and through the results of the three general methods
which may be used for the determination of the sun's temperature
based upon the following laws:
Steffan-Boltzman Radiation Law:
-J2 4
E = 76.8 x 10 T
,
Wien's Displacement Law:
XmT = 2930.
Planck's Distribution Law:
For red light 6803°A.
For green light 5208°A.
For blue light 4505°A.
E = e ,*~5 I
The first method gives a temperature of 5830°A. if we use
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Abbot's value of the solar constant 1.922. In the second method, if
*e take the .vave-length of the maximum energy as 0.470/-*' we get a
temperature of 6230°A. The third method, as has jus t been shown by
the present investigation, gives a temperature of 7580°A. All the
determinations of the temperature of the sun by means of radiation
give therefore only approximative results, and the deviations of the
temperatures for different colors and for different methods indicate
how far the sun's radiation differs from that of a black body. An-
other example taken from laboratory practice may illustrate the dif-
ference between the thermodynamic temperature of a radiating body
and the temperature obtained by radiation methods. If we attempt to
measure the temperature of a piece of iron at I600°A., by means of
the total radiation emitted we obtain a temperature which is about
400° lower than the true temperature, but if we utilize the radiation
corresponding to a single wave-length, say 0.6^, we obtain a tem-
perature which is about 150° lower.
I Abbot, The Sun, p. 69.
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SUMMARY
1 The temperature of the sun has been measured by a new method
based on Planck's and Wien's laws by radiation for three different
wave-lengths
.
2 The variation of the radiation of the sun from the center to
the 11 mb ha3 been measured for three different colorB.
3 The absorption of green light in the atmosphere of the earth
has been measured.
In conclusion I wish to thank Professor A. P. Carman and Pro-
fessor J. Kunz for their many helpful suggestions during the investi-
gation of the above problem.
Laboratory of Physics
University of Illinois
October, 1913
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